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introduction to KPP

WRF-Chem/KPP coupler
• “guided tour”

• for cookbook style recipes see documentation

overview

www.mpch-mainz.mpg.de/~salzmann/my_home/sub/wkc.html

http://www.mpch-mainz.mpg.de/~salzmann/my_home/sub/wkc.html


KPP



KPP



KPP: Kinetic PreProcessor
• reads ASCII input and generates code for 

chemistry integration

e.g.:
• Damian et al., 2002
• Sandu et al., 2003
• Sandu and Sander, 2006

http://people.cs.vt.edu/~asandu/Software/Kpp/

KPP

http://people.cs.vt.edu/~asandu/Software/Kpp/


KPP example

Small “stratospheric” mechanism,  
example from Sandu, 2003;  Sandu and Sander, 2006



KPP example

File #1: species (.spc file)



KPP example

File #2: equation (.eqn file)



KPP example

File #3: .kpp file



KPP example
File #4: .def file (optional)

in addition:  User defined functions in $KPP_HOME/util/UserRateLaws.f90

OR: $KPP_HOME/util/WRF_Conform/UserRateLaws.f90



KPP example

Output from KPP: “box model” with a 
driver
• in Fortran 90
• alternatively: Matlab

For details: e.g. Sandu and Sander, 2006



KPP 

widely used
• box model studies
• chemistry integration in 3-D models (for example 

in GEOS-Chem, E5/M1, WRF-Chem)
• adjoints in 3-D models (for example Sandu et al., 

2005, Henze et al., 2007)

freely available 
distributed together with a few examples



KPP benchmarks

from: Sandu and Sander, 2006



ros3

Δt Δt Δt

WRF-Chem timestep

KPP steps



ros3

Δt Δt Δt

Δtlarger = 3Δt

WRF-Chem timestep

KPP steps



WRF-Chem/KPP coupler



WRF-Chem/KPP coupler
(WKC)

writes .f90 interfaces between WRF-Chem and 
KPP generated code

“non-destructive layout”, i.e. minimum 
modifications to WRF-Chem, almost everything 
in one directory 

script to automatically compile/run KPP during 
WRF compile time



WRF-Chem/KPP coupler
(WKC)

a few modifications to KPP (switch)
• not all features available  
• currently only Rosenbrock type solvers

written in C and in parts based on the Registry 
mechanism



WRF-Chem Registry

Registry/registry.chem (included in Registry.EM_CHEM)

Excerpt: chemistry array

+ arrays for radicals

+ arrays for photolysis rates



WRF-Chem Registry

+ package 
declaration 
for each 
mechanism 



WRF-Chem Registry

+ package 
declaration 
for KPP
mechanisms 



WRF-Chem/KPP



wrf-kpp.equiv file



KPP 

Advantages
• significantly less time consuming than manual coding
• less error prone
• numerically efficient

results in greater flexibility
• updating mechanisms by additional equations
• sensitivity studies



Example: modified KPP
file



Example: modified KPP
equation file



pre-defined variables in 
WRF-Chem/KPP coupler:

(from WKC Users’ and Developers’ Guide)



chem/KPP directory

http://www.school-clip-art.com/school_bus_clipart.shtml



chem/KPP directory

> cd chem/KPP
> ls

clean_kpp
compile_wkc
configure_kpp
documentation
inc
kpp
mechanisms
module_wkppc_constants.F
util



mechanisms directory

> cd mechanisms
> ls

racm
racm_mim
racmsorg
radm2

HERE you can add your own mechanism



racm_mim directory

> cd racm_mim
> ls

racm_mim.def
racm_mim.eqn
racm_mim.kpp
racm_mim.spc
racm_mim_wrfkpp.equiv



chem/KPP directory

> cd ../..
> ls

clean_kpp
compile_wkc
configure_kpp
documentation
inc
kpp
mechanisms
module_wkppc_constants.F
util



kpp/kpp-2.1 directory

> cd kpp/kpp-2.1
> ls

…
compile_kpp
doc
examples
int
models
src.org
util
drv
gpl
src
test
…



kpp/kpp-2.1 directory

> cd kpp/kpp-2.1
> ls

…
compile_kpp
doc
examples
int
models
src.org
util
drv
gpl
src
test
…

WRF_conform/

rosenbrock.f90



chem/KPP directory

> cd ../..
> ls

clean_kpp
compile_wkc
configure_kpp
documentation
inc
kpp
mechanisms
module_wkppc_constants.F
util



util directory

> cd util
> ls

Makefile
wkc
write_decomp (NEW!)



util directory

> cd util
> ls

Makefile
wkc
write_decomp (NEW!)

gen_kpp.c:

• use info from Registry and 
from KPP input files

• write interface



util directory

> cd util
> ls

Makefile
wkc
write_decomp

direct addressing in KPP LU 
decomposition (similar to a code from 
Edwin Spee, CWI, Amsterdam)



running            WKC



running the WRF-Chem/KPP 
coupler

=> set environment variable:  setenv WRF_KPP 1

excerpt from WRF compile script:



call tree for the generated code



call from chem_driver.F



call tree for the generated code



output in chem directory

> cd chem; ls *kpp_racm_mim*

module_kpp_racm_mim_Integr.F
module_kpp_racm_mim_Jacobian.F
module_kpp_racm_mim_JacobianSP.F
module_kpp_racm_mim_Parameters.F
module_kpp_racm_mim_Precision.F
module_kpp_racm_mim_Update_Rconst.F
module_kpp_racm_mim_interface.F

in addition:     

solver

interface

after compile!

- modified Makefile
- link to module_wkppc_constants.F
- kpp_mechanism_driver.F



customization



customization

automatically generated

fixed



customization

fixed

automatically generated

fixed



customization

if possible, use .inc files in inc directory:
> ls chem/KPP

clean_kpp
compile_wkc
configure_kpp
documentation
inc
kpp
mechanisms
module_wkppc_constants.F
util



customization

> cd inc
> ls *fixed*

fixed_args_kpp_interf.inc
fixed_decl_kpp_interf.inc



customization

> less fixed_args_kpp_interf.inc



customization

> cd inc
> ls *racm_mim*

extra_args_to_update_rconst_racm_mim.inc
extra_args_update_rconst_racm_mim.inc
extra_decls_update_rconst_racm_mim.inc
kpp_mechd_a_racm_mim.inc
kpp_mechd_b_racm_mim.inc
kpp_mechd_e_racm_mim.inc
kpp_mechd_ia_racm_mim.inc
kpp_mechd_ib_racm_mim.inc
kpp_mechd_ibu_racm_mim.inc
kpp_mechd_l_racm_mim.inc
kpp_mechd_u_racm_mim.inc



installation



installation

distributed together with WRF-Chem

few prerequisites for compiling KPP



KPP prerequisites

needed for installation
• flex
• yacc



currently:

WKC documentation

www.mpch-mainz.mpg.de/~salzmann/my_home/sub/wkc.html

questions/suggestions:

wrfchemhelp.gsd@noaa.gov
or: salzmann@mpch-mainz.mpg.de

… will also be in WRF-Chem Users’ guide

http://www.mpch-mainz.mpg.de/~salzmann/my_home/sub/wkc.html


mainly performed at NOAA ESRL
(Georg Grell, Steven Peckham)

also myself

testing



major bug found in last release
• see WG11 website, known issues WRF-Chem

http://ruc.fsl.noaa.gov/wrf/WG11/known-prob.htm

efficiency
• larger initial time increment for ros3
• indirect addressing in KPP LU decomposition

=> WRF-Chem/KPP almost twice as fast
=> next release

known issues

http://ruc.fsl.noaa.gov/wrf/WG11/known-prob.htm


future perspectives

improvements to WKC
• more options

• easier to use

• additional adjustments?

contributed mechanisms?

your feedback is highly welcome



future perspectives

WRF-Chem/KPP coupler can be 
extended to handle aqueous chemistry

KPP can also be used to solve linear first 
order ODEs describing mass transfer (e.g. 
Schwartz, 1986)



• emsissons
• photolysis rates
• initial and boundary conditions
• dry deposition rates
• wet depostion
• ….. 

future perspectives

more generalized



Thank you!
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